
THE SHUTTLE EXPERIMXNT NAVEX 
COMPLETEI) ON SI'ACELAB MISSION D l  

S. Starker ,  H. Nau, J. Hammesfahr . 

I n s t i  t u t  fiir Bochfrequenztechnik 
Deutsche Forschungs- und ' Je rsuchsans ta l t  fiir Luft- und Raumfahrt 

Federa l  Repubiic Germany 

ABSTRACT 

From Oct. 30 to Nov. 6 1985 t11e first  dedica ted  German S h u t t l e  
I Vilission Dl with t h e  Spacelab l abo ra to ry  on board took p l ace .  2 

Orle of t h e  more t han  70 experimexlts on board was the  'Vavigation 
I Experiment NAVEX. A Cs- and a Xb-clock onboard were urea f o r  

t h e  genera t ion  of PN-code naviga t ion  sign:il.s. During t h e  experi-  
I r n ~ n t  t hese  clorks wt3r.e compared with t h e  ground master clock by 

one-way and two-way method::. I n  t h i s  paptr* a survey w i l l  be given 
on tlie progress  of the  experiment and on f i r s t  raw d a t a ,  which 
i n d i c a t e  a l r eady  a s a t i s f a c t l o r y  opera t ion  or the used spread I 

1 
2g:ectru.m techcique and a very accu ra t e  confl:rmatiorl o f  t h e  
predicted r e l a t , ' v i s t i c  c lock cf f e c t s .  

INTRODUC'LIION 

'I'he U.S. Space S h u t t l e  Challer1t;er was launched on Oct. 30 with t h e  European 
Spacelab as a payload on board. The Spacelati contaiced xnore than  '(0 exper imcnts 
which were controlled i n  d e t a i l  from the German S a t e l l i t e  Operation Center a t  
13E'VLR * ) neay Mur-~ich . Here all experiments were aassen~hled . They obsc-r-ved 
anti d i r e c t e d  t h e  a .c t iv . i t i cs  of' t h e  a s t ronau t s  i n  t h e  Spacel.ab v i a  voice  Link 
and TV . 
Two of  t h e  experiments could not  f i n d  a  place i n s i d e  of  t h e  Spacelab. They had 
t o  stay outni  de i n  t h e  cargo bay mounted or1 a. Uniquc Support ::t,ructure (USS) 
a s  s'rlown i n  F i g .  I and 2 .  One of t l l e s ~  was the NAVigation IiXperirricnt ITAVkX, 
proposed and performed by DFVLK arid by SF:L **) . 'l'he on-board equipmerit of 
t h i s  experiirlerit was i r i? ta l led  i n  t h r u e  c y l i n d r i c a l  container:: : one of them 
contained t h e  on-board time r e fe rence ,  c o n s i s t i n g  of a Cs and a Xb-freyucncy- 
s tandard  w i t h  tile ay1)crtainini: e l e c t rbon i c  devices  and with a b a t t e r y  as a back 
up power supply;  t h e  sccorid llou:;ed a L-bard tran:;mitter with I'SK-modula.tion 
and power ampl i f i e r  anti a C-band radar t r a n s p o ~ ~ d e r ;  t h e  t h i r d  contained a  
L-band r e c e i v e r  assenibly, a t ime i n t e rva l  measurernr-rit u n i t ,  a processor  arid a 
d a t a  a c q u i s i t i o n  and r o n t r o l  system. The transmit1,ing and receiving antennas 
wcrr mouritcd on a, s p ~ c i a l  antenna support  : ; t ruc ture .  

* )  DFVLR = Deutsche Forschungs- und Versuchsans ta l t  f'Gr Luft- und Kaumfahrt 

**) SEL = Standard E l e k t r i k  Lorenz, S t u t t g a r t  



Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number. 

1. REPORT DATE 
DEC 1985 2. REPORT TYPE 

3. DATES COVERED 
  00-00-1985 to 00-00-1985  

4. TITLE AND SUBTITLE 
The Shuttle Experiment Navex Completed on Spacelab Mission D1 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
Institut fur Hochfrequenztechnik,Deutsche Forschungs- und
Versuchsanstalt fur Luft- und Raumfahrt,Federal Republic Germany, 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release; distribution unlimited 

13. SUPPLEMENTARY NOTES 
Proceedings of the Seventeenth Annual Precise Time and Time Interval (PTTI) Applications and Planning
Meeting, Washington, DC, 3-5 Dec 1985 

14. ABSTRACT 
see report 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 
Same as

Report (SAR) 

18. NUMBER
OF PAGES 

8 

19a. NAME OF
RESPONSIBLE PERSON 

a. REPORT 
unclassified 

b. ABSTRACT 
unclassified 

c. THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 



~ The in tent ion of the  experiment NAVEX w a s  t o  invest igate  techniques and methods 
fo r  future  time t ransfe r  and navigation systems using s a t e l l i t e s .  I 

OBJECTIVES AND E x E ' E R m  CONFIGURA1"ION 

For a more de ta i led  description of' the experiment see [ I ,  21. Ifi t h i s  chapter 
only a general view shall be given on t he  main functions and f a c i l i t i e s  of 
NAVEX . 
Fig. 3 i l l u s t r a t e s  the  sequential  s teps  and aimed objectives: beginning a t  
the  r i g h t  s ide ,  a t  f i r s t  t he  on-board t i m e  scale  had t o  be compared with t h e  
ground master clock a t  IIFVLR Oberpfaffenhofen by a two way L-band l ink .  
Simultaneous ranging with a C-band radar w a s  provided fo r  determination of t he  
ionospheric propagation e f f ec t s  by the  two frequency method and for  the  deter- 
mination of the range between Shut t le  and the  groux~d coiitrol s t a t i on  w i t h  high 
accuracy. 

In a further sfep by receiving t he  L-band Shut t le  s ignals  a t  t w o  additional 
ground receiving s ta t ions  i n  S tu t tgar t  (SEL) and Rraunschveig (PTB*) t h e  
Shut t le  posi t ion should he determined by a modified one-way ranging method. 
Tn these measurements a t h i r d  experirnerital receiving s t a t i on  par t ic ipated 
part ly ,  developed and operated by t he  University of S tu t tgar t .  A l l  ground 
s ta t ions  were equipped with synckronized Cs-clocks. The accuracy of these 
one way measurements can be investigated by comparison with the more accurate 
two way measurements. 

Final ly  when the Shut t le  posit ions,  the  parameters of the  onboard t i m e  scale 
arid the  ionospheric propagation e f f ec t s  a r c  known, the  one way posit ioning 
of a s ingle  ground receiving s t a t i on  can be tes ted  by evaluaLirrg the  measure- 
ments of t w o  successive passes of the  Shut t le ,  

In  f i g .  4 t he  overall experiment configuration is shown with t h ~  di f fe ren t  
ground s ta t ions  mentioned above, with a frequr~lcy t ransfe r  l i n k  between the  
laurlch s i t e  and the  control  s t a t i on  i n  Oberpfaff enhofen and with a data 
communication l i n k  from the Shut t le  v i a  TDKS and U.S .A.  t o  Oberpfaffenhofen. 
There t he  operations of the  ground s ta t ions  were coordinated, the  house- 
keeping da ta  of the  onboard equipment were controlled and the  experiment 
measurement da ta  were checked and stored.  These control tasks  wcrc supported 
by the  G e r m a n  S a t e l l i t e  Operation Center (Gsoc).  !The on board time rn te rva l  
measurement data were transmitted d i r ec t l y  during each pass f r o m  the  Shut t le  
to Lhe ground control  s t a t i on  Oberpfaffenhofen by a spread spectrum signal  
modulated on the  L-band PN-coded time s ignal .  

With t h i s  co~lfiguration and several additional t e s t  devices the  experiment 
s t a r t ed  on the  30th of October. The f'requency t ransfe r  b e t w c e r l  the launch 
s i t e  and Oberpfaffenhofen was performed before and a f t e r  the  Dl-mission by 
GYS s a t e l l i t e s  as tes ted i n  1982 and described i n  [ I ] .  The sy~lchronization 
of the  s t a t i on  clocks was performed by clock transportation and by additio- 
nal GPS clock comparisons. 

*)  FTB = Physikalisch-Technische Bundesanst,alt i n  Brarlrischweig 



PROCEDURES DURING Dl M I S S I O N  

The launch a t  17:00 UT took place exac t ly  on schedule and t h e  o r b i t  of t h e  
Shu t t l e  d i f f e r e d  only s l i g h t l y  from t h e  nominal one, Only once dur ing  t h e  
whole mission a change of t h e  NAVEX subt imel ine  had t o  be performed accor- 
d ing  t o  a lag of  Challerlger of  2 minutes a f t e r  4 days. 

72 hours a f ter  launch t h e  onboard clocks were switched on and 6 hours l a t e r  
-&,he c locks  were ad jus t ed  t~ UT. During t h e  f o l l o v i n g  passes  unexpected t ime 
l a g s  were measured a t  a l l  ground s t a t i o n s ,  which changed from pas;$ t o  pass ,  
according t o  an unwantcd repetition of t h e  NAVEX clock adjustment.  Af te r  
zl.nalyzing t h i s  e f f e c t ,  t h e  undesired s i g n a l  could be removed wi th  t h e  support  
csf Marshal l  Space F l i g h t  Center and wi th  t h e  help of t h e  Spacelab crew. 

:# 
Af te r  t h i s  episode t h e  experiment run  as planned: at a l l  passes  t h e  equipment 
worked w e l l ,  minor i n t e r r u p t i o n s  occured only near zen i th  arld a t  low 

0 
e l e v a t i o n  angles  & < 5 . I n  t h e  meantime between two passes  t h e  r a w  d a t a  
from a l l  ground s t a t i o n s  were t r a n s f e r r e d  t o  t h e  c o n t r o l  cen te r  and checked 
wi th  r e spec t  t o  es t imated  va lues .  During an undisturbed measurement i n t e r v a l  
of more t han  74 hours a t ime l a g  o f  t h e  onboard Cs-clock of 07,0r7 psec was 
observed r e l a t i v e  t o  t h e  behaviour of t h e  same clock on t h e  ground. F i n a l l y  
146 hours a f t e r  Launch the onboard equipment w a s  switched o f f  by ground 
command . 
FIRST RESULTS 

The behaviour of t h e  onboard Cs-clock on t h e  ground and i n  t h e  o r b i t  r e l a t i v  
t o  t h e  master c lock i n  Obcrpfaffenhofen i s  shown i.n rig. 5. The d i f f e r e n c e  
betwcen t h e  two curves agrees v i t h  t h e  p red ic t ed  r e l a . t i v i s t i c  c f f c c t  b e t t e r  
than  1 % .  

Both t h e  p red ic t ed  values as w e l l  as t h e  measurement va lues  will have t o  be 4 
co r rec t ed  s l i g h t l y  a s  soon as thc de l ' i n i t  o r b i t  of t h e  S h u t t l e  i s  known 
and a f t e r  t h e  pos t  mission c o n t r o l  measurements o f  t h e  clocks w i l l  have 
been completed. I 
Although t h e  measured va lues  i n  f i g .  5 a r e  only  unsmoothed s i n g l e  sample 1 a 
values  near the culminat ion of each pas s ,  t h e  dev ia t ions  of thc s t r a i g h t  
l i n e  curve are nut  v i s i b l e  a t  t h i s  s c a l e .  Therefore t h e s e  dev ia t ions  a r e  
added with an enlargement f a c t o r  of 50. Fig .  6 shows raw d a t a  from a s i n g l e  
pass  measurement wi th  f l u c t u a t i o n s  i n  t h e  o rde r  of cr w 5 nsec. 

Thus we expect t h a t  a f t e r  smoothing and adding small  ionospheric  co r r ec t ions  
t h e  p r e c i s i o n  of c lock comparisons w i l l  be c l e a r l y  b e t t e r  than  t h e  a sp i r ed  
goa l  of 0 7 10 nsec . For i n v e s t i g a t i o n  of t h e  accuracy of t h e  experiment 
d a t a  some pending c a l i b r a t i o n  measurements w i l l  have t o  be performed as soon 
as t h e  onboard equipment w i l l  be  t r anspor t ed  back t o  Germany. 
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NAVEX ANTENNAS 
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URE (USS) 

Fig. 1 - Accomodation of D l  on-board equipment 
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Fig. 2 - NAVEX onboard equipment in 3 GAS-containers ! 
mounted on a Unique Support Structure 
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Fig. 3 - NAVEX - Objectives 
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Fig. 4 - NAVEX - Experiment Configuration 



TIME C(MPARIS0NS BETWEEN THE 
NAVEX ON-BOAHD CS-CLOCK AND 
THE GROUND MASTCR CLOCK, 

80 

ON THE LjROUND 

I 10 20 39 *O 50 60 7 0 [ ] ! ]  

Fig. 5 - Measured t ime d i f f e rences  between t h e  onboard Cs-clock and t h e  
ground master clock in the or 'bi t  and on t h e  ground (a sirigle 
sample from each p a s s ) .  

DAY [X TEAR = 309 

-- 

Fig. 6 - Raw data of  measured t i m e  differences between t h e  onboard Cs-clock 
and t h e  ground master c l o c k  during one pass of the  Space Shuttle. 



UNIDENTIFIED QUESTIONER: 
D o  you h a v e  a n y  i n f o r m a t i o n ,  e v e n  a n e c d o t a l ,  a s  t o  w h a t  may be t h e  o p e r a t i n g  
p e r i o d  of t h e s e  d e v i c e s ?  Say i f  one were made and l e f t  u n a t t e n d e d  somewhere. 

i 

MR. VESSM: 
T h i s  is f o r  t h e  c o n v e n t i o n a l  masers, I gatherm. 

QUESTIONER : 
For  e i t h e r  t h e  space borne  or ground maser, 

MR. VESSOT: 
I t h i n k  t h a t  t h e  o n e  o f  t h e  b e s t  d i a g n o s t i c s  is t h e  f r e q u e n c y  s h i f t  t h a t  c o u l d  
r e s u l t  from w a l l  contaminat ion.  Tha t  is r e a d i l y  made by s i m p l y  t u n i n g  t h e  maser 
a n d  l o o k i n g  a t  w h a t  t h e  f r e q u e n c y  is t h e n  compared t o  w h a t  it m i g h t  h a v e  b e e n  
earlier. Th i s ,  of c o u r s e  r e q u i r e s  a re fe rence .  The o t h e r  t h i n g  is t h e  q u e s t i o n  o f  
background p r e s s u r e  and a l l  t h e  u s u a l  d i a g n o s t i c s  o f  vacuum systems. Y e t  a n o t h e r  
o n e  i s  t h e  m o n i t o r i n g  of t h e  I F  l e v e l ,  t h a t  is t h e  s i g n a l  l e v e l  a s  p r o d u c e d  by 
t h e  atoms. T h e s e  are t h e  s o r t s  o f  t h i n g s  t h a t  a r e  n o r m a l l y  d o n e  a s  a m a t t e r  o f  
c o u r s e  when o p e r a t i n g  t h e s e  masers. 


